Introduction
============

Irregularities in the root canal system, including isthmus, may limit the efficiency of endodontic instrumentations, irrigant solutions and intracanal medications \[[@B1]-[@B3]\]. An isthmus is a pulp space containing narrow extension, lateral interconnection or a transverse anastomosis in one or two root canals \[[@B4], [@B5]\]. Complete isthmus is a continuous connection between the two main canals of the same root, while partial isthmus is an incomplete connection with one or more openings between two main canals \[[@B6]\]. Isthmus classification described by Kim *et al.* \[[@B7]\] is as follows: incomplete isthmus which is a faint communication between two canals (Type I), definite connection between two canals which are considered complete isthmus (Type II), very short complete isthmus between two canals (Type III), complete or incomplete isthmus between 3 or more canals (Type IV) and two or three canal openings without visible connection.

Isthmus in the root canal system may include necrotic debris, tissue remnants, or organic layers, which contribute to the growth of microorganisms and lead to endodontic treatment failure\[[@B6], [@B7]\] . Therefore, knowledge of the root canal anatomy is a prerequisite for complete cleaning of the root canal and successful endodontic treatment \[[@B4], [@B8]\]. So far, several methods are applied to examine the morphology of the root canal including periapical radiography, vertical and cross sectional slicing, stereomicroscopy, surgical microscopy, dissecting microscopy, plastic casts, staining, clearing, electron microscopy, cone-beam computed tomography (CBCT) and micro-CT \[[@B4], [@B6], [@B7], [@B9]-[@B20]\]. However, considering the buccolingual orientation of small isthmii, they cannot be detected on radiographs before endodontic treatments \[[@B5]\].

The most common method is visual evaluation of sectioned teeth by microscopy, although optical magnification might not be sufficient, even in surgical or stereomicroscopes \[[@B4], [@B21]\]. In the study of Tabrizizadeh *et al.* \[[@B22]\] and Mehrvarzfar *et al.* \[[@B23]\] they evaluated the incidence and position of root canal isthmii in mandibular first molars using stereomicroscope. However, in recent years, new techniques, such as cone-beam computed tomography (CBCT), are used to evaluate the root canal anatomy \[[@B11]-[@B20]\]. Through CBCT, different types of teeth can be evaluated in axial, sagittal and coronal planes*in vivo*, and the morphologies of the root canals, *e.g.* isthmus which are not visible on two dimensional radiographs due to superimposition, can be detected. If available, CBCT can be used in endodontic treatment to visualize the root canal. Since management of complete isthmii is easier than that of partial ones \[[@B24]\], knowledge of their prevalence can play an important role in the success of root canal treatments. The prevalence of isthmus, similar to other anatomical irregularities of the root canal, depends on race of the population under study. With this background in mind, the current study aimed to determine the prevalence of complete isthmus in permanent teeth, using CBCT in a selected Iranian community.

Materials and Methods
=====================

In the current cross sectional study, 100 CBCT images of 58 female and 42 male patients who were referred to a dental radiology service of a private clinic in Sari, Iran from January 2015 to January 2017 including 1654 teeth (809 maxillary and 845 mandibular teeth) were evaluated. The inclusion criteria was teeth with a fully developed root. On the other hand, the exclusion criteria were as follows: 1) third molar teeth, 2) root canal-treated teeth, 3) post-retained crowns, 4) external root resorption, 5) internal root resorption, 6) history of orthodontic treatment, 7) developmental problems and 8) pathological lesions.

All images were acquired using Cranex™ 3D unit (Soredex, Helsinki, Finland) with the following settings: thickness, 0.1 mm; 6×8 cm field of view; 0.2 mm voxel size; 89 kVp tube voltage; 6 mA tube current all in high-resolution mode. Images were examined with the scanner's proprietary software Ondemand 3D Dental Viewer software (Cybermed Inc, Irvine, CA) and TFT LED Monitor with full HD resolution 1920×1080 pixels (Lenovo Corp., NC, USA).

In axial images, any continuous opening between two main root canals was considered as a complete isthmus. In each patient, the anterior teeth and premolars were evaluated, followed by the first and second molars. In maxillary first molars, the morphology of mesiobuccal root was assessed, followed by distobuccal and palatal roots. In addition, the mesial and distal roots were examined in mandibular molars, respectively.

Each root was evaluated in axial plane (interval, 0.1 mm; thickness, 0.1 mm) from the orifice to the apex and from the apex to the orifice to detect the presence of complete isthmus ([Figure 1](#F1){ref-type="fig"}). Scans of teeth with complete isthmii were reevaluated in axial, sagittal and coronal planes with 0.1 mm thickness. Presence and absence of complete isthmus in each tooth was reported. Then, the length of each root was divided into 3 equal sections (cervical, middle and apical thirds) and the findings were classified in 6 categories with respect to the start and end points of the isthmii \[[@B11], [@B19]\].

The beginning and end in the cervical third (CT) (CT-CT); The beginning in the cervical third and end in the middle third (MT) (CT-MT); The beginning in the cervical third and end in the apical third (AP) (CT-AT); The beginning and end in the middle third (MT-MT); The beginning in the middle third and end in the apical third (MT-AT); and The beginning and end in the apical third (AT-AT).

All images were evaluated by 2 experienced maxillofacial radiologists and the results were reported based on a consensus among radiologists.

Frequency and percentage were used to present the categorical values for this study and quantitative values were presented as mean±SD. Frequencies with confidence intervals (95% CI) were given. Analysis using the *Chi* square test, and the Yates correction or the Fisher exact test was done for the quantitative values. Student *T* test was used to compare these variables for independent samples. The significant level was set at 0.05. SPSS software version 17.0 (SPSS, Chicago, IL, USA) was used for this purpose.

Results
=======

The overall prevalence of complete isthmus in permanent teeth was 8.6%, with the highest prevalence attributed to mandibular molars. In the maxilla, the highest prevalence of complete isthmus was found in the first molars, followed by the second molars (mesiobuccal roots accounted for 93% of isthmii). The lowest prevalence was observed in the central teeth and canines (no isthmii). In the mandible, the highest prevalence was reported in the first molars, followed by the second molars, with the highest frequency reported in the mesial roots (92% and 90% in the mesial root of the first and second molars, respectively) and the lowest frequency in the second premolars.

The prevalence of complete isthmus in the upper and lower teeth with respect to gender is presented in [Table 1](#T1){ref-type="table"}. There was no significant difference among males and females in terms of the prevalence of isthmii, except for the mandibular canines. Based on the findings, the prevalence of isthmii decreased with advancing age; however, the difference was not statistically significant. Mean age of patients with isthmii was 33.1±11.6 and for patients without isthmii was 34.6±10.8 (*P*=0.116). The prevalence of complete isthmus in permanent teeth is demonstrated in [Figure 2](#F2){ref-type="fig"} (95% CI).

Moreover, with respect to the beginning and end points of isthmus, the majority of reported cases in the maxillary molars began and ended in the middle third of the root (60% in maxillary first molars and 39% in maxillary second molars). The high frequency of isthmii was observed in mandibular molars, which began at the apical or middle third of the root and ended in the apical end. The prevalence of complete isthmus based on the beginning and end points is shown in [Table 2](#T2){ref-type="table"}.

Discussion
==========

In the current study, the highest prevalence of complete isthmii in permanent teeth was reported in the mesial root of mandibular first molars (36%), followed by the mesial root of second molars (34%), and mesiobuccal root of maxillary first molars (14.3%); these findings could be attributed to the high prevalence of two canals in these roots. Previous studies also reported high prevalence of isthmus in the mesial root of mandibular first molars and mesiobuccal root of maxillary first molars; however, the prevalence varied in different studies \[4, 6, 11, 14-16, 19\].

###### 

The prevalence N (%) of complete isthmus in the upper and lower teeth in terms of gender

                                   **Central**   **Lateral**   **Canine**   **First premolar**   **Second premolar**   **First molar**   **Second molar**
  ------------------- ------------ ------------- ------------- ------------ -------------------- --------------------- ----------------- ------------------
  **Maxilla**         **Female**   0             1 (0.8)       0            4 (3.6)              4 (4.20               8 (8.2)           8 (5.9)
  **Male**            0            0             0             2 (1.8)      6 (6.4)              7 (7.1)               10 (7.4)          
  **Total**           0            1 (0.8)       0             6 (5.4)      10 (10.6)            15 (15.3)             18 (13.3)         
  ***P*** **value**   \-           1.000         \-            1.000        0.161                0.239                 0.068             
  **Mandible**        **Female**   2 (1.45)      5 (3.6)       7 (5)        3 (2.25)             1 (0.9)               17 (24.6)         25 (23.2)
  **Male**            2 (1.45)     1 (0.7)       0             1 (0.75)     2 (1.7)              10 (14.5)             16 (14.8)         
  **Total**           4 (2.9)      6 (4.3)       7 (5)         4 (3)        3 (2.6)              27 (39.1)             41 (38)           
  ***P*** **value**   0.625        0.413         0.045         1.000        0.292                0.283                 1.000             

###### 

The prevalence of complete isthmus in permanent teeth with respect to the begining and end points

           **CT-CT**   **CT-MT**   **CT-AT**   **MT-MT**   **MT** **-** **AT**   **AT-AT**   **Total**   **No Isthmus**
  -------- ----------- ----------- ----------- ----------- --------------------- ----------- ----------- ----------------
  **U1**   0           0           0           0           0                     0           0 (0)       124 (100)
  **U2**   0           0           0           1           0                     0           1 (0.8)     120 (99.2)
  **U3**   0           0           0           0           0                     0           0 (0)       126 (100 )
  **U4**   2           0           0           4           0                     0           6 (5.4)     105 (94.6 )
  **U5**   1           2           2           4           1                     0           10 (10.6)   84 (89.4 )
  **U6**   1           4           0           9           0                     1           15 (15.3)   83 (84.7)
  **U7**   1           5           0           7           4                     1           18 (13.3)   117 (86.7)
  **L1**   0           0           0           2           2                     0           4 (2.9)     132 (97.1)
  **L2**   0           0           0           4           0                     2           6 (4.3)     135 (95.7)
  **L3**   0           0           0           5           0                     2           7 (5)       133 (95)
  **L4**   0           1           0           3           0                     0           4 (3)       129 (97)
  **L5**   0           1           0           2           0                     0           3 (2.6)     114 (97.4)
  **L6**   1           4           2           4           8                     8           27 (39.1)   42 (60.9)
  **L7**   1           8           2           10          10                    10          41 (38)     67 (62)

![The prevalence of complete isthmii in permanent teeth](iej-12-426-g001){#F1}

Similar to other anatomical features, including the number and morphology of roots, the number of canals, apical foramina, and ramification, the prevalence and site of isthmus vary among different people and depend on factors such as race, geographical region, age, gender, research methodology, sample size and the type of isthmus (complete or partial).

Estrela *et al \[*[@B19]*\].*, used CBCT and reported the highest prevalence of isthmus in the mesial root of mandibular molars, followed by the mesiobuccal root of maxillary first molars. The reported incidence rate in the current study was lower than their study, which could be due to the examination of only continuous connection between two canals in the same root; in other words, only complete isthmii were studied.

In the current study, the prevalence of complete isthmus in mandibular first molars was higher than the rate reported by Teixeira *et al.*\[[@B4]\] (22%). In microscopic studies, such as the one performed by Teixeira *et al.*\[[@B4]\], the prevalence of isthmii is examined *via* cross sectional slicing at specific distances from the apex, while the current study investigated the entire canal from the orifice to the apex; this is in fact one of the benefits of CBCT in studies on canal morphology.

In this study, the lowest prevalence of complete isthmus in permanent teeth was observed in maxillary anterior teeth; among the evaluated teeth, only one upper lateral tooth had complete isthmus. This could be due to the fact that the majority of maxillary anterior teeth have only one canal, and consequently, few studies are performed on the prevalence of isthmus in such teeth; moreover, all performed studies reported similar findings in line with those of the current study \[[@B19]\].

So far, many studies evaluated the prevalence of isthmus, using different methods. Most of these studies include microscopic and *in vitro* assessments, in which sectioning cause damage to the teeth; moreover, they produce a smear layer, which can fade out narrow isthmii and therefore affect the results \[[@B15]\]. The current study assessed the prevalence of isthmus using CBCT, which does not need cutting the tooth structure. Contrary to micro-CT, CBCT has a high resolution and can be performed in *in vivo* studies \[[@B25]\].

In the current study, the prevalence of complete isthmus was higher in maxillary second premolars than the first premolars; however, mandibular second premolars showed the lowest prevalence of complete isthmus among mandibular teeth. The prevalence of complete isthmus in the mandibular anterior teeth was 3% to 5%, which was lower than the prevalence reported by Estrela *et al.*\[[@B19]\], (mandibular central incisors, 33.3%; mandibular lateral incisors, 47.6%; and mandibular canines, 24%). Since Estrela *et al.*\[[@B19]\], reported both partial and complete isthmii, this difference can be justified, and it can be concluded that the prevalence of partial isthmus is considerable in such teeth.

In the current study, isthmii, which began from the middle third and ended in the apical third, and the ones which began and ended in the apical third, showed the highest prevalence in the mesial root of mandibular first and second molars; these findings were in line with those of a study by Pecora *et al.*\[[@B11]\]. In clinical situations, use of mechanical methods is very difficult to access and clean the above mentioned isthmii.

In this study, complete isthmii, which began and ended in the middle third, had the highest prevalence in maxillary molar teeth; this finding was in contrast with the results reported by Pecora *et al*. \[[@B11]\] and Estrela *et al.*\[[@B19]\]. In addition to discrepant reports regarding prevalence of isthmii in permanent teeth, various sites of isthmus occurrence were also reported in previous investigations. Genetic and racial variations, as well as differences in the definition of isthmus, might have caused the discrepancies in the reported prevalence rates. The majority of performed studies were conducted in specific geographical regions *via* microscopic studies using cross sectional slices. In such studies, normally performed *in vitro*, there is no detailed information about the age or gender of the patients.

As mentioned earlier, CBCT is a useful method to evaluate the morphology of root canals *in vivo*. In *in vivo*studies conducted by CBCT, including the current research, age and gender were taken into considerations. Based on the findings of the current study, there was no significant relationship between the prevalence of isthmii and age or gender (except in mandibular canines); however, it should be noted that the subjects were not from diverse age groups.

In the current study, during the evaluation of root canal anatomy by CBCT, metal and streaking artifacts affected the image of the root canal and inhibited isthmus detection. However, smaller fields of view can reduce such artifacts and produce more accurate results. Analysis of partial isthmus prevalence by CBCT and comparing the results with those of the microscopic findings are recommended for future studies.

![*A)*Complete isthmuses in mandibular central incisor; *B)* maxillary second molar; *C)* maxillary second premolar; *D)* mandibular second molar viewed in CBCT axial slices (interval, 0.1 mm; thickness, 0.1 mm) from coronal to apical direction. Arrows indicate isthmus](iej-12-426-g002){#F2}

Conclusion
==========

As the prevalence of complete isthmii was the highest in molars, endodontists should pay particular attention to accomplish a successful surgical or nonsurgical root canal therapy.
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